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© Rotary electrical machines. 

© A large scale horizontal axis rotary electrical 
machine has a stator with a laminated annular core 
(14) resting upon an open-topped support structure 
(12). At one position along its length the core is 
axially fixed to the support structure but is otherwise 
free to move axially on the structure to accom- 
modate differential thermal movements. Clamping 
means (40,42) for the core laminations incorporate 
springs (44) that allow the core to expand axially. 
The stator windings are axially slidable in slots in the 
laminated core and are held by respective winding 
end supports (54,56) spaced from the ends of the 
core, whereby differential thermal expansion is ac- 
commodated between the core and the windings. By 
^adoption of the open-topped support structure, as- 
sembly of the core can be accelerated by lowering 



individual lamination stampings or pre-assembled 
5| biscuits of such stampings onto the structure while 
<\Jthe structure remains in a horizontal position. 
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ROTARY ELECTRICAL MACHINES 



This invention relates to targe rotary electrical 
machines, eg. with ratings of 1MW and upwards, 
having a generally horizontal axis of rotation. 

Large rotary electrical machines, for example . 
generators of turbine-generator sets, have a stator 
construction comprising a generally annular outer 
casing which carries the stator core and the stator 
winding either directly or through an inner annular 
core frame (see "The Mechanical Design of Large 
Turbogenerators, B.A Mariow, Proc. Instn. Mech. 
Engrs., Vol. 200 (1986) No. 135). In each case 
outer casing or the core frame has struts extending 
radially inwards that provide support and location 
for the core laminations. Heavy end plates, some- 
times secured together by through bolts, hold the 
laminations together under a relatively high com- 
pressive force in order to limit axial thermal expan- 
sion and vibration. 

To assemble such cores, the outer casing or 
the cere frame, as the case may be, is first con- 
structed and is fitted with one end plate. It is then 
stood with its axis vertical and the end plate lower- 
most so that the laminations, usually in segmental 
form, can be dropped individually into the frame 
and fitted into place. The other end plate can then 
be added and the core laminations clamped, after 
which the core frame is returned to a horizontal 
position for the remaining assembly operations, 
including fitting the windings. The construction of 
the cere frame and fitting the core laminations into 
it, which typically can take 16-20 weeks for a 
500 MW generator, adds significantly to the costs of 
manufacture as well as requiring significant capital 
investment for plant capable of handling the core 
frame during the various operations. 

According to one aspect of the present inven- 
tion, there is provided a rotary electrical machine 
comprising a stator having an annular core com- 
prising laminations held under compression be- 
tween end plates, a rotor extending through the 
core and mounted for rotation about a horizontal 
axis, the stator core resting on an open-topped 
support structure having supports that engage 
downwardly directed faces of the core on opposite 
sides of a vertical plane through said axis, whereby 
the core laminations can be assembled on the 
support structure by lowering them transversely 
onto said supports transversely to the axis of rota- 
tion. 

By employing such an arrangement a substan- 
tial reduction of assembly time can be achieved. 
The assembly space can be arranged to be acces- 
sible both from the sides and from above, simplify- 
inn thft task of brinaina the laminations into oosi- 



tion. The stator supports are conveniently disposed 
below the axis of rotation to cooperate with down- 
wardly directed faces of the stator core that are 
part of a regular polygonal or circular cross-section 

s of the core. 

It is also known to 'reduce the time for assem- 
bly of a large stator core by producing pre-assem- 
bled toroidal packets of laminations which are com- 
monly referred to as "biscuits". By this means it is 

to no longer necessary to fit each lamination into the 
core frame individually so much time can be 
saved. A complication arises, however, in that dif- 
ferential expansion between the core and its frame 
can impose considerable stresses. Such expansion 

is is relatively easily accommodated when the core is 
built up from individual laminations, because the 
inherent non-planarity of the laminations gives the 
core an enhanced flexibility, but biscuits, being 
composed of pre-compressed packets of lamina- 

20 tions, have a much higher coefficient of thermal 
expansion and it may not be possible to substitute 
them directly for individual laminations. To limit 
expansion stresses, mixtures of biscuits and lami- 
nations may be used, but in a conventional stator 

25 construction that would reintroduce the disadvan- 
tages already mentioned. 

* The support structure of the present invention, 
however, allows the core to be mounted in a man- 
ner that avoids this problem, by arranging that the 
oo core is axially engaged with the support structure 
at a location along its length and is otherwise free 
to move axially relative thereto, whereby relative 
thermal movement between the core and the struc- 
ture can occur relatively freely. 
35 Indeed, such an arrangement can be employed 
more generally, and according to a further aspect 
of the invention there Is provided a rotary electrical 
machine comprising a support structure, a stator on 
said structure and a rotor extending through the 
40 stator and mounted for rotation about a horizontal 
axis, the stator having an annular core through 
which the rotor extends and comprising core lami- 
nations held under compression between end 
plates of the stator, statoi windings being mounted 
45 in the core, the core being axially engaged with the 
support structure at a location along its length and 
being otherwise free to move axially relative there- 
to, whereby relative thermal movement is permitted 
between the core and the structure, and that the 
so stator windings are held by means permitting rela- 
tive thermal movement between the windings and 
the core axially of the machine. 

The concept of freedom for thermal move- 
ments can be taken further in accordance with 
another asoect of the invention, in which there is 
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provided a rotary electrical machine comprising a 
support structure, a stator on said structure and a 
rotor extending through said stator and mounted for 
rotation about a horizontal axis, the stator having an 
annular core through which the rotor extends and 
which comprises core laminations clamped togeth- 
er axially, the core carrying stator windings that 
extend axially from both ends of the core where 
they are held by end winding supports, the win- 
dings being mounted in the core in a manner 
permitting relative thermal movement therebetween 
axially of the core, said end winding supports being 
mounted on tension elements extending the length 
of the stator and carrying first and second groups 
of clamping elements, the first group clamping 
elements securing the end winding supports on the 
ends of the tension elements and the second group 
of clamping elements securing the core laminations 
between and spaced from said end winding sup- 
ports, said second group applying said axial clamp- 
ing pressure to the core laminations, and spring 
means being provided on the tension elements to 
permit relative axial movement between said first 
and second groups of clamping elements at least 
at one end of the stator. 

This arrangement for permitting thermal move- 
ments between the windings and the core in the 
axial direction can also be employed in otherwise 
conventional rotary electrical machines, ie. inde- 
pendently of whether there is provision for relative 
thermal movement between the core and its sup- 
port structure. 

By way of example only, the invention will be 
described in more detail with reference to the ac- 
companying diagrammatic drawings, in which: 

Figs. 1 and 2 are side and end views of a 
stator/rotor assembly of an electrical machine ac- 
cording to the invention, Fig. 1 being partly sec- 
tioned on the line l-l in Fig. 2 and Fig. 2 being 
partly sectioned on the line IHI in Fig. 1, and 

Fig. 3 is an isometric view illustrating sche- 
matically the support of the stator. 

The drawings illustrate a generator 1 0 having a 
support structure 12, an annular stator core 14 
supported on the structure, a rotor 16 extending 
through the core and mounted on bearings (not 
shown) for rotation about a horizontal axis 18, and 
a fluid-tight housing 20 encasing the stator and 
rotor. 

The support structure 12 comprises a base 
member 22 upon which there are fixed upstands in 
the form of two support beams 24, one located on 
each side of the central axial plane 26 of the 
generator and running parallel to the rotary axis to 
extend along the full length of the core 14. The 
core has a regular polygonal cross-section and 
rests through two downwardly directed faces of that 



cross-section on top webs 28 the beams 24 and is 
separated from them by low-friction material 30, 
such as polytetrafluoroethylene. Two axially spaced 
core support cradles 32 are also mounted on the 
5 base member 22. The cradles 32 each have a 
profile facing the core 14. which is shaped to con- 
form generally to the opposed peripheral reg.on of 
the core 14, but preferably there is normally a 
small clearance between them and the core. 
, 0 The core 14 comprises two end plates 34.36 

between which are clamped a plurality of biscuits 
38 (not shown individually) of pre-assembled core 
laminations. The clamping pressure is applied by 
tie bolts 40 extending axially through recesses 42 
,s in the periphery of the laminated body of the core 
and apertures in the end plates, nuts 44 being 
threaded on the bolts at both ends of the core. 
Springs 46 are mounted between the nuts and one 
end plate 36 to accommodate differential thermal 
20 movement between the bolts and the laminated 
core axially of the core. Restraint of this relative 
movement is minimised by ensuring that there are 
adequate radial clearances for the bolts and by 
using low friction material where required on sliding 

25 surfaces. 

The tie bolts 40 extend beyond both ends ot 
the stator core, their terminal portions being em- 
ployed to mount frusto-conical end winding sup- 
ports 54,56 which are secured at a spacing from 
30 the end plates 34 t 36 by further nuts 44 on the ends 
of the bolts 40. The stator windings 58, held in 
slots in the core, extend from the ends of the core 
and their end windings are secured on the supports 
54,56 by clamps 60. The materials of the windings 
05 58 and of the bolts 40 can be so chosen that it is 
riot necessary to design for relative thermal move- 
ment between them. For example, windings of cop- 
per have a coefficient of expansion of 17x10~ € / C, 
with which can be employed bolts <rf austenitic 
40 steel which has a coefficient of 18x10"*/ C. 

Both end plates 34,36 of the core have lower 
extensions 34a,36a respectively, that are a free 
sliding fit between the beams 24. The sides of the 
extensions are preferably vertical or taper down- 
45 wardly so that the end plates can be lowered into 
place. One end plate 34 of the core is axially fixed 
on the support structure 12. For this purpose, the 
end plate has an integral key formation 62 which 
engages a slot 64 in the base member 22. Addi- 
so tionally, the end plate is firmly anchored to the 
beams 24, for example by bolted brackets (not 
shown) or welding. The remainder of the core is 
free to expand and contract axially on the beams 
24 under the influence of thermal effects. The low- 
55 friction material 30 is preferably fixed to the core 
face so that it slides with the core, thereby prevent- 
ing damage to the edges of the laminations. Such 
movement relative to the tie bolts is possible be- 
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cause of the provision of the springs 46. Relative 
axial movement is also possible between the stator 
windings and the core, the windings being located 
by the end winding supports substantially indepen- 
dently of axial movements of the core itself. It is 
preferably at the end winding support 54, adjacent 
the fixed end plate 34, that the stator end windings 
extend to connectors (not shown) for connection to 
external conductors (not shown) in known manner. 
With these measures, although biscuits are used to 
build up the core, with a consequent high thermal 
expansion rate of the main body of the core, the 
axial forces imposed on the windings remain mini- 
mal. 

The mass of the stator core may be sufficient 
to allow it to rest stably on the supporting slides, 
uninfluenced by torques arising from the electro- 
magnetic forces imposed during operation. Simi- 
larly lifting of the free end of the core, remote from 
the end plate Is resisted by the core mass. The 
polygonal cross-section of the core and the con- 
forming profile of the support structure facing it. in 
particular the cradles 32. can of course resist any 
tendency of the core to turn on its axis. Local 
resistance against rotation and lifting can be of- 
fered by the extensions 34a,36a of the end plates. 
In addition, it is preferred, to provide keying means 
which give' a 'positive restraint along the length of 
the core against such displacements. Illustrated are 
axial keys 66 which extend between keyways 68 in 
the cradles 32 and the adjoining recesses 42 in the 
biscuits, these recesses extending into the end 
plates 34.36. Additionally or alternatively, the ax- 
ially displaceable end plate 36 has a pair of wedge- 
shaped keyways 72 which engage dovetail key 
blocks 74 secured to the facing side surfaces of 
the beams 24 so that the end plate 36 serves to 
guide the axial movements of the core. 

The outer peripheries of the end winding sup- 
ports 54,56 can also engage the beams 24 slidab- 
ly, and possibly be supported by the beams. This, 
and also the mounting of the end winding supports 
at a spacing from the stator core helps to isolate 
the windings 58 from axial movements of the core 
14 and assisting in the control of vibration. The 
support 54 can additionally or alternatively be in 
contact with the end plate 34. 

The stator can be assembled on the support 
structure 12 by lowering the end plates 34.36 and 
the core biscuits 38 into position on the horizontal 
support beams 24. this being facilitated by the fact 
that there is open access on both sides of the 
structure 1 2 as well as from above, and the assem- 
bled elements of the core are clamped together by 
the tie bolts 40. It is also possible to assemble 
individual annular laminations on the support struc- 
ture to build up the core, although that would take 
longer. The stator winding end rings 54,56 can then 



be secured on the ends of the through bolts, the 
windings 58 inserted in their slots in the assembled 
core and the ends of the windings secured to the 
end rings and electrically coupled to the core wm- 
s dings. 

Other components of the stator, such as cool- 
ant circulation means (not shown), may be put in 
place before or after the building of the core, as 
convenient. The core laminations will of course 

ro have further aligned slots, holes etc.. in the conven- 
tional manner, for such purposes as the flow of 
coolant fluid. Coolers for the circulating coolant 
fluid can be located in any convenient place, for 
example, within the housing alongside the core and 

,s between the cradles, and between the central cra- 
dle 32 and the end plate 34 as shown in ghost 

outline at 76 in Fig. 2. 

For the damping of stator vibrations that occur 
in operation from the electromagnetic excitation of 
20 the stator by the rotor, insertions (not shown) of 
rubber or other suitable damping material can be 
put at appropriate locations, eg. between the core 
and the low friction material 30 and also between 
the fixed end plate 34 and the main body of the 
23 stator core. In addition, anti-vibration devices, 
known per se, can be connected between the core 
and the base member 22. It may be preferred, in 
order to isolate the housing and rotor bearings as 
far as possible from the stator vibrations, to mount 
30 the housing 20 and the rotor .bearings directly onto 
•the foundations (not shown) on which the base 
member 22 will rest. 

In the illustrated example, the housing 20 is 
mounted on the base member 22 together with the 
3S rotor bearings (not shown) that lie beyond the ends 
of the stator. Consequently, it is possible to move 
the generator as a self-contained unit. To that end. 
the cradles 32 have attachment points 78 for a lift 
harness, the points 78 being accessible via housing 
40 apertures normally closed by plates 80. It will be 
appreciated that the generator, when suspended 
from these points, derives considerable stiffness 
from the assembled core: this illustrates a further 
unique feature of the construction in that the core 
45 functions as a significant structural member. 

The illustrated construction can be modified in 
many ways within tho scope of the invention. For 
example, the tie bolts 40 are shown running in 
open slots in the periphery of the main body of the 
so core, but they can be arranged on a pitch circle 
greater than the outside diameter of the core 14, 
the end rings 34.36 and the end winding supports 
54,46 being furnished with apertured radial lugs to 
receive the bolts. The bolts can also be located on 
55 pitch circles of different diameters. 

The anchoring of the core 14 relative to the 
support structure 12 need not be at an end of the 
core. By anchoring the core elsewhere, eg. in the 
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middle of its length, both ends can be left free to 
move axially. Furthermore, the anchoring of the 
core can be achieved in a number of ways, For. 
example, a key can engage respective keyways 
formed in the base member 22 and the outer 
periphery of the core laminations intermediate the 
length of the core, a third cradle 32 being provided 
to support the fixed end of the core. Alternatively , a 
key can be formed integrally with the third cradle 
32 adjacent that end of the core, the key engaging 
a keyway in the outer periphery of the core lamina- 
tions. 

The support beams 24 are shown in Fig. 3 
extending beyond the core, to support, for exam- 
ple, the generator exciter and the rotor bearings. 
However, it is also possible to dispense with the 
beams 24. In one alternative the core is mounted 
on bearing blocks resting on slideways carried by 
the cradles 32, the slideways being lubricated or 
faced with low-friction material. As another possibil- 
ity, the cradles 32 are fixed relative to the core and 
are themselves slidable in slideways. In a further 
alternative, the core is mounted on relatively thin 
supports which can flex in the axial direction. Also, 
more closely analogous to the illustrated example, 
the core can be mounted on rollers to permit its 

axial expansion. 

The external cross-section shape of the core is 
not limited to the dodecahedron shown and may, 
for example, bo circular. 

Although the foregoing description has been 
directed to a rotary electrical machine in the form 
of a generator, as will be appreciated by those 
skilled in the art the invention is equally applicable 
to motors and the term rotary electrical machine is 
to be construed accordingly. 



Claims 

1. A rotary electrical machine comprising a 
stator having an annular core comprising lamina- 
tions held under compression between end plates, 
a rotor extending through the core and mounted for 
rotation about a horizontal axis, characterised in 
that an open-topped support structure is provided 
foTthe assembly of the core, said structure having 
supports that engage downwardly directed faces of 
the core on opposite sides of a vertical plane 
through said axis, whereby the core laminations 
can be assembled on the structure by lowering 
them onto said supports with the structure horizon- 
tal. 

2. A machine according to claim 1 wherein the 
end plates are provided with elements that coop- 
erate with the support structure to resist torque 
and/or lift forces on the stator core. 



3. A machine according to claim 1 or claim 2 
wherein the core is axially engaged with the sup- 
port structure at a location along its length and is 
otherwise displaceable axially relative thereto, 

5 whereby relative thermal movements can take 
place freely between the core and the support 
structure in the axial direction. 

. 4. A machine according to claim 3 wherein said 
axial engagement is provided by the end plate at 

ro one end of the core, by means of a keying projec- 
tion on the end plate engaging the support struc- 
ture. 

5. A machine according to claim 3 or claim 4 
wherein at least one axially extending key and 

rs keyway connection is provided between the sup- 
port structure and the stator core for rotational 
and/or torsional restraint of the core on said struc- 
ture, said key and keyway connection being slidab- 
ly engaged to permit relative axial movement be- 

20 tween the core and said structure. 

6. A machine according to any one of the 
preceding claims wherein stator windings are 
mounted in the core by means permitting relative 
thermal movements between the windings and the 

25 core in the axial direction. 

7. A machine according to any one of claims 3 
to 5 together with claim 6 wherein said axiai en- 
gagement is provided at or adjacent an end of the 
core from which the core windings extend for con- 

30 nection to external electrical conductors. 

8. A machine according to any one of the 
preceding claims wherein - the support structure 
comprises respective beams on opposite sides of a 
vertical plane through the rotary axis acting as 

35 weight-bearing supports for the stator corgi along at 
least a substantial part of the length of the core, the 
core being axially slidably supported on said 
beams. 

9. A machine according to any one of the 
40 preceding claims wherein the core has a non- 
circular cross-sectional profile engaged by ele- 
ments of the support structure on opposite sides of 
the vertical plane through the rotary axis for re- 
straining rotational and/or torsional deflections of 

45 the core about an axial centre. 

10. A machine according to any one of the 
preceding claims wherein tension elements extend 
axially through the core to hold the laminations in 
compression between the end plates, and spring 

so means are provided for said tension elements to 
permit relative thermal movements between the 
core and the tension elements axially of the ma- 
chine. 

11. A machine according to claim 10 wherein 
55 the tension elements extend beyond the core end 

plates to provide mountings for winding supports 
spaced from the end plates. 



EP 0 320 252 A2 



12. A machine according to claim 11 wherein 
the winding supports are in the form of substan- 
tially frustoconical members concentric with the 
core, their smaller diameter ends projecting to- 
wards but being spaced from the core end plates. 5 

13. A machine according to any one of claims 
10 to 12 wherein slots opening onto the outer 
periphery of the core provide locations for the 
tension elements whereby said elements can be 
inserted from the exterior transversely to the rotary 10 

axis. 

14. A rotary electrical machine comprising a 
support structure, a stator on said structure and a 
rotor extending through said stator and mounted for 
rotation about a horizontal axis, the stator having an is 
annular core through which the rotor extends, and 
which comprises core laminations clamped togeth- 
er axialiy, the core carrying stator windings that 
extend axialiy from both ends of the core where 
they are held by end winding supports, charac- 20 
terised in that the windings are mounted in the core 
in a manneTpermitting relative thermal movement 
therebetween axialiy of the core, said end winding 
supports being mounted on tension elements ex- 
tending the length of the stator and carrying first 25 
and second groups of clamping elements, the first 
group of clamping elements securing the end wind- 
ing supports on the ends of the tension elements 
and the second group of clamping elements secur- 
ing the core laminations between and spaced from 3C 
said end winding supports, said second group ap- 
plying said axial clamping pressure to the core 
laminations, and spring means being provided on 
the tension elements to permit refetive axial move- 
ment between said first and second group of 
clamping elements at least at one end of the stator. 

15. A rotary electrical machine comprising a 
support structure, a stator on said structure" and a 
rotor extending through the stator and mounted for 
rotation about a horizontal axis, the stator having an aq 
annular core through which the rotor extends and 
comprising core laminations held under compres- 
sion between end plates of the stator, stator win- 
dings being mounted in the core, characterised in 
that the core is axialiy engaged with the support 45 
structure at a location along its length and is other- 
wise free to move axialiy relative thereto, whereby 
relative thermal movement is permitted between 
the core and the structure, and that the stator 
windings are held by means permitting relative so 
thermal movement between the windings and the 
core axialiy of the machine. 
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namely Claims: 

No claims fees have been paid within the prescribed time limit. The present European search report has been 
drawn up for the fi"st *en ciaims. 



LACK OF UNITY OF INVENTION 



The Searcn Ofvision considers that me present European patent application does not comply with the requirement of unity of 

invention and relates to several inventfons or groups of inventions. 

namely: 



1 Claims: 1-5/ 

7-9 

2. Claims: 6,10 

15 . 



Mounting of the magnetic statianaty part an to 
the support structure 

Windings mounting means permitting thermal movement 

I 
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All further search fees have been paid within tne fixed time limit. The present European search report has 
been drawn up for all ciaims. 

Only part of the further search fees nave been paid wimin the fixed time limit. The present European search 
report has been drawn up for those parts of the European patent application which relate to the inventions in 
respect of wn ch search fees.nave been paid, • 

namely claims: 

None of the further search lees has been paid witnin the fixed time limit. The present European search report 
has been drawn up for those parts of the European patent application which relate to the invention first 
mentioned in the ciaims. 



